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白光 LED 的主流技术是采用发蓝光的 LED 芯片配合可被蓝光激发而发黄光的荧
光粉；提高荧光粉的相对发光强度、调整发射光谱中发射峰值位置和增宽发射峰
的半高宽（full width at half maximum，FWHM），则是研究的关键之一。 
碱土金属硅酸盐荧光粉中的(Sr, Li)3SiO5: Ce3+，已证实具有一定的应用潜力。
本研究首次采用非均相沉淀法，外加 Al3+置换 Si4+作为 Ce3+置换 Sr2+的电荷补偿剂，
制备了名义组成为 Sr3-xSi1-xAlxO5: xCe3+荧光粉，以期进一步提高该荧光粉的相对




白光 LED 的相关色温和提高显色指数。 
通过对所制备荧光粉进行 XRD 分析，荧光光谱分析和 SEM 分析，得出的
主要研究成果如下： 
（1）非均相沉淀法制备名义组成为 Sr3-xSi1-xAlxO5: xCe3+前躯体，在碳还原气
氛下，1 150 ℃第一次热处理 2 h，再在 N2/ H2 (v/ v = 95/ 5)还原气氛下，1 500 ℃





（2）确定了最佳沉淀 pH 值（沉淀剂与 SiO2 颗粒悬浊液的 pH 值）约为 9；
最佳 Ce3+掺杂浓度为 x = 0.025。外加 Al3+置换 Si4+作为电荷补偿剂的荧光粉，比















（3）名义组成为 Sr3-x-ySi1-xAlxO5: xCe3+, yEu2+ (x = 0, y = 0.050; x = 0.025, 
y = 0.010, 0.030, 0.050, 0.070 or 0.090)的前躯体，在碳还原气氛下，1 150 ℃第一
次热处理 2 h，再在 N2/ H2 (v/ v = 95/ 5)还原气氛下，1 500 ℃第二次热处理 4 h，
所获荧光粉基本为纯相；荧光光谱分析证实，Ce3+与 Eu2+之间存在能量传递现象，
可能是 Ce3+作为敏化剂离子将吸收的激发能量，传递给 Eu2+；当 x = 0.025，y = 
0.010 时；荧光粉的发射峰值红移至 554 nm，半峰宽增宽至 88 nm 左右，有利于
降低白光 LED 的相关色温和提高显色指数。 
 





























The important issues of promoting white light emitting diode (LED) use as the 
new generation of lighting are improving the luminous efficiency, color rendering 
index and obtaining full correlated color temperature series. At present, the most 
popular technology of white LED is a blue LED chip combines with a yellow 
phosphor than can be excited by the former blue light. So it is one of the key works to 
enhance the relative luminous intensity of the phosphor, adjust peak position and 
broadening the full width at half maximum (FWHM) of its emission spectra. 
The alkaline earth metal silicate phosphor (Sr, Li)3SiO5: Ce3+ has been proved to 
has some potential applications in white LED. In order to further enhance the relative 
intensity of the phosphor, Al3+ substitute Si4+ as charge compensation of Ce3+ 
substitute Sr2+ is added, and heterogeneous precipitation method is applied to the 
phosphors of nominal composition Sr3-xSi1-xAlxO5: xCe3+ for the first time. 
Additionally, the heterogeneous precipitation method is also used to prepare the 
phosphors of nominal composition Sr3-x-ySi1-xAlxO5: xCe3+, yEu2+, and the effects of 
Eu2+ concentration (y) on the emission spectra are studied for the first time to obtain a 
spectra both have Ce3+ and Eu2+emission features, which could be expected to red 
shift the emission peak and widening the FWHM (opposed to Sr3-xSi1-xAlxO5: xCe3+ 
phosphor), that is conducive to lower the correlated color temperature and improve 
the color rendering index of white LED. 
The as prepared phosphors are analyzed by XRD, fluorescence spectrometry and 
SEM; main research results obtained are as follows: 
(1) Nearly pure phase phosphors of nominal composition Sr3-xSi1-xAlxO5: xCe3+ 
(x = 0.010, 0.020, 0.025, 0.030 or 0.040) are obtained by the first heat treatment at 
1 150 ℃ for 2 h in carbon reduction atmosphere, then the second heat treatment at 1 
500 ℃ for 4 h in N2/ H2 (v/ v = 95/ 5) reduction atmosphere. The phosphors have 















phosphors synthesized by high temperature solid state reaction method at the same 
heat treatment process, contain a small amount of Sr2SiO4 intermediate phase, the 
morphology of particles most are aggregates, and the crystal surfaces also blurred. In 
contrast, phosphors synthesized by heterogeneous precipitation method have higher 
phase purity, narrower particle size distribution, clearer crystal surface and lighter 
aggregation, also yield higher relative luminous intensity, than those by high 
temperature solid state reaction method. It could be concluded that heterogeneous 
precipitation method would be a potential alternative method. 
(2) The optimum precipitation pH (pH of the suspension contain the precipitating 
agent and the silica particle) is determined to be around 9, and x = 0.025 is the 
optimum Ce3+ doping concentration. Phosphors added Al3+ substitute Si4+ as charge 
compensation of Ce3+ substitute Sr2+ have higher phase purity and relative intensity 
than those added Li+ substitute Sr2+ as charge compensation. 
(3) Phosphors of nominal composition Sr3-x-ySi1-xAlxO5: xCe3+, yEu2+ (x = 0, y 
= 0.050; x = 0.025, y = 0.010, 0.030, 0.050, 0.070 or 0.090) with nearly pure phase 
are acquired by the first heat treatment at 1 150 ℃ for 2 h in carbon reduction 
atmosphere, then the second heat treatment at 1 500 ℃ for 4 h in N2/ H2 (v/ v = 95/ 5) 
reduction atmosphere. Fluorescence spectrometry confirm that energy transfer is 
occurred between Ce3+ and Eu2+, which Ce3+ may be used as a sensitizer ion transfer 
its absorb energy to Eu2+. When x = 0.025, y = 0.010; the emission peak of the 
phosphor red shift to 554 nm, and the FWHM widening to 88 nm, which could be 
expected to lower the correlated color temperature and improve the color rendering 
index of white LED. 
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1.1 白光 LED 用作照明光源的现状 
1993 年，日本日亚化学公司成功开发出高亮度蓝光发光二极管




研究中，Ce 等掺杂离子的化合价十分重要，因此简写为 YAG: Ce3+）荧光粉；






验室白光 LED 发光效率可到达 254 lm/W（美国 Cree 公司 2012 年 4 月宣布）[6]；
商业化的白光 LED 可达到 100 lm/W 左右，已超过白炽灯和节能灯的发光效率；
并且有望在 2020 年达到 200 lm/W[7]。美国能源部（The Department of Energy, US）
在 2012 年 4 月发布的报告中[8]，有关白光 LED 性能与传统照明光源的对比，如




表 1.1 白光 LED 的性能与传统照明光源对比[8] 
光源种类 发光效率（lm/W） 功率（W） 相关色温（K） 显色指数 寿命（kh） 
白光 LED（冷） 144 1 5 000~8 300 70 50 
白光 LED（暖） 111 1 2 600~3 700 80 50 
白炽灯 15 60 2 760 100 1 
节能灯 63 15 2 700 82 12 

















汰白炽灯”的路线图，预计在 2016 年全面禁止白炽灯的使用[10]；这将为白光 LED
更为广泛应用提供了机遇。有分析人士指出，如果将我国照明市场 1/3 的白炽灯
用白光 LED 替代，每年将节约 2 个三峡电站全年的发电量[11]；因此，发展白光
LED 意义重大。而不断提高白光 LED 的发光效率和显色指数，以及获得全相关
色温系列白光 LED；解决 LED 散热问题，降低 LED 成本，是目前研究的重点[4]。 
1.2 白光 LED 技术 
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